Abstract-OFDM is an attractive technique for high data rate and reliable communication over fading channels and high peak-to-average power ratio (PAPR) is a notable drawback of orthogonal frequency-division multiplexing (OFDM) systems. The main implementation drawback of this system is the possibility of high Peak to Average Power Ratio (PAPR). The idea in Selective Mapping (SLM) consists of converting the original data lock into several independent signals, and then transmitting the signal that has the lowest PAPR. The selected signal index, called side information index, must also be transmitted to allow for the recovery of the data block at the receiver side, which leads to a reduction in data rate. In this paper, we develop a novel SLM PAPR reduction technique. In the novel proposed scheme, the alternative symbol sequences are generated by module 2 additions of data with the rows of cyclic Hadamard matrix with the same size, inserting the selected row's number to avoid transmitting any side information and specially using a random-like Irregular Repeat Accumulate (IRA) encoder for both PAPR and Bit Error Rate (BER) better performance. Therefore our proposed scheme in this paper is based on a novel SLM method combined with a random-like coding of the transmitted data that have no need to use side information for detecting transmitted data in the receiver.
I. INTRODUCTION
Frequency Division Multiplexing (OFDM) has come to the forefront of technology over past decade because of its robustness against multipath fading channels. It is an effective high-speed data transmission scheme without using very expensive equalizers and for this reason, forms the basis of the physical layer of many broadband high data rate technologies including Digital Subscriber Line (XDSL), WiFi (IEEE802.11a/g), WiMAX (IEEE802.16a/e), and Digital Video Broadcasting (DVB) [1] .
OFDM is similar to Frequency Division Multiple Access (FDMA) in that the multiple user access is achieved by sub-dividing the available bandwidth into multiple channels, which are then allocated to users. However OFDM uses the spectrum much more efficiently by spacing the channels more closely together.
One of the major drawbacks of OFDM systems is that the OFDM signal exhibits a high Peak to Average Power Ratio (PAPR). Such a high PAPR necessitates the linear amplifier to have a large dynamic range which is difficult to accommodate. On the other hand, an amplifier with nonlinear characteristics will cause undesired distortion in band and out of band of the signals.
To deal with this problem, many methods have been proposed such as clipping and filtering, Active Constellation Extension (ACE), Tone Injection (TI), Tone Reservation (TR), Partial Transmit Sequence (PTS), Selective Mapping (SLM) and so some methods based on coding of the transmitting data.
Clipping and filtering can reduce PAPR of the OFDM signal but introduce the in-band clipping noise to it. Filtering is employed to remove the side-lobes generated by clipping, but it may also generate additional PAPR [2] , [3] . Active Constellation Extension (ACE), Tone Injection (TI) and Tone Reservation (TR) methods don't have the previous problems, but lead to use more power in the transmitter [4] - [6] . Phase rotation is another approach to reduce PAPR, including Selective Mapping (SLM) and Partial Transmit Sequence (PTS) [7] - [9] . These methods don't have the previous methods disadvantages such as BER performance degradation, because of out of band noise in clipping-based methods, and high power consuming, in constellation extension-based methods, so these days many researchers work on these methods optimization.
PAPR brings the OFDM signal distortion in the non-linear region of high power amplifier (HPA) and the signal distortion induces the degradation of bit error rate (BER). Moreover, to prevent spectral growth of the multicarrier signal in the form of intermodulation among subcarriers and out-of-band radiation, the transmit power amplifier has to be operated in its linear region .If the HPA is not operated in linear region with large power back-offs, it is impossible to keep the out-of band power below the specified limits. This situation leads to very inefficient amplification and expensive transmitters.
Therefore, it has been important and necessary to research on the characteristics of the PAPR, including its distribution and reduction, in OFDM systems, in order to utilize the technical features of the OFDM. -368 was also chosen as the physical layer (PHY) for the high data rate wireless specifications, for high-speed wireless USB (W-USB), Bluetooth 3.0 and wireless high-definition Media Interface (HDMI) [10] . To reduce the PAPR several techniques have been proposed such as partial transmit sequences (PTS) [11] , [12] , selective mapping (SLM) [13] , [14] , clipping [15] , [16] clipping and filtering [17] , coding [18] , tone reservation (TR) and tone injection (TI) [19] . Each of these methods has a different cost for the reduced PAPR. Although some techniques of PAPR reduction have been summarized, it is still necessary to give a comprehensive review of PAPR reductions in terms of transmission power, data rate loss, implementation complexity and BER performance, etc. Fig. 1 shows process of a typical OFDM system. is an input symbol sequence, usually modulated by using Phase Shift Keying (PSK) or Quadrature Amplitude Modulation (QAM) and t stands for a discrete time indexes.
The PAPR of the transmitted OFDM signal can be defined as
where E denotes the expectation operator. To generate U alternative symbol sequences, an input symbol sequences is multiplied by U different phase sequences, each of length N:
The first phase sequence P 1 is usually the all-1 sequence.
Then, the alternative symbol sequences u A are generated.
We use the expression = ⊗
U U
A A P to represent the component-wise multiplication in this form If we assume that alternative symbol sequences are mutually independent, the Complementary Cumulative Distribution Function (CCDF) expression for the SLM OFDM symbol can be given as
As it explained before, we can use random-like codes in the special form of them to reduce the PAPR of these alternative symbol sequences.
The random-like codes offer capacity-achieving performance largely due to the random interleaver of the codes. Here we utilize the inherent random interleaver in the random-like codes as a scrambler to obtain candidates of independent data sequences. Shown in Figure 2 a block of − n m information bits are first module2 adding with the rows of cyclic Hadamard matrix, then inserted with m label bits and encode by a random-like IRA code. These coded bits are modulated using 16-QAM modulation. IFFT is then applied to the modulated symbols. The PAPR of the discrete OFDM signal is measured with four times over sampling and by enumerating the possible sequences of inserted label bits before the encoding, we obtain different PAPR values. The selector selects the one corresponding to the lowest PAPR to transmit. Because of the random structure of the dense generator matrix in IRA codes, each information bit could affect almost all the coded bits for a non-systematic code. Obviously, the non-systematic codes have better scrambling effect. The systematic codes are also offer good randomization by employing the interleaver before modulation.
In the systematic IRA encoder, a block of information bits { } 
We use a polynomial to represent the repetition profile of an IRA code ensemble, i.e. Thus, the encoder of a systematic RA codes contains rL or aM additions. Normally r and a are much less than the length of information bits but in general LDPC coding system we don't have these conditions. Therefore, the encoder of the systematic IRA code is much simpler than that of an LDPC code [20] .
III. SIMULATION RESULTS OF OUR PROPOSED SCHEME Our proposed scheme contains cyclic Hadamard matrix to modify the transmitted data in U independent form. Then, as it is shown in " Fig. 2 ", we inserted these modified data with some lables that show which row of this matrix adds with the original data so these lables have the ability to eliminate transmitting side information. Then a random-like IRA encoder with a special generator matrix employed for both PAPR and BER better performance in this novel scheme. 16QAM modulating and IFFT transformation are applied and the selection part, selects the data with the lowest PAPR amount to transmit through the channel. Before transmitting, the guard interval inserter applied on data to maintain the orthogonality of the transmitted data in the fading channels in a cyclic extension method.
The structure of the receiver is shown in Fig. 3 , while the PAPR and BER performance are demonstrated in the latter figures in compare with the conventional SLM method. Fig.  4 shows compares and results of Our Proposed Scheme. This paper has introduced a novel PAPR reduction technique, in which, a random-like linear coding has been used to reduce PAPR of OFDM system in a modified SLM method. The analytical derivation of the technique has been given which describes the theoretical functionality of the technique. Simulation results show that using a random-like coding such as IRA, because of getting the ability to select a special coding structure between many random forms that gives lower PAPR has lead to better performance than the conventional SLM scheme. In addition, the presented scheme has not only shown a significant reduction in PAPR, but also, implicitly an improvement in BER without increasing the computational complexity and using any side information. ACKNOWLEDGMENT This work was supported by the Iranian Telecommunication Research Center (ITRC), Iran
